Objective: To compare, along with behavioural habits, the potential atherogenicity of diets in rural and urban areas in Costa Rica. Design: Subjects ðn ¼ 503Þ were randomly selected from the general population in Costa Rica. A validated food-frequency questionnaire that inquired about dietary intake in the previous year was administered once to each subject. Each subject provided plasma and an adipose tissue biopsy, which were used as biomarkers for carotenoid, tocopherol and/or fatty acid intakes. Each subject also answered another questionnaire on personal profile and household characteristics. Setting: A dietitian visited all subjects and conducted the interviews at their homes. Subjects: Adult male and female free-living rural, suburban and urban Costa Ricans without a history of physical or mental disability. Results: Subjects in rural areas were significantly ðP , 0:05Þ more active physically, earned less income and had a higher intake of dietary fibre than urban dwellers. Urban residents reported a significantly ðP , 0:05Þ higher consumption of total fat, specifically unsaturated fat mostly from soyabean oil, and had higher plasma and adipose tissue tocopherol and lycopene concentrations. Interestingly, no differences in body mass index were observed. Conclusions: These data show differences in cardiovascular disease (CVD) risk factors of rural and urban populations in Costa Rica. In rural areas, low socio-economic status and low intake of unsaturated fatty acids appear to be the prevalent CVD risk factors, while in urban areas they were low physical activity, high trans-fatty acids in the diet and adipose tissue, and low dietary fibre intake.
In developing countries diet-related diseases are reported to be on the increase 1 -4 . This increase is believed to be associated with the tendency for rural populations to move to cities in search of employment. The risks attending to this urbanisation are change in eating habits and tendency towards a Western lifestyle. It is established that, in developed countries, urban dwellers generally tend to have more leisure-time physical activity and may on average consume less 'healthier' diets compared with rural populations 5 -7 . On the contrary, limited studies in developing countries appear to indicate that, unlike urban communities, rural populations tend to be more active physically and have a lower prevalence of risk factors for cardiovascular disease (CVD) 8 . The interaction between changes in lifestyle, dietary habits and urbanisation is of interest in designing national nutritional educational programmes and for identifying risk factors for diseases of affluence, which also tend to be more predominant among urban dwellers 3 . We conducted a study to describe the dietary intake of free-living Costa Rican residents with regard to their lifestyle, socio-economic status, residence and physical activity. In this paper, the dietary intakes of major nutrients and their sources are described for rural, suburban and urban populations in Costa Rica. Furthermore, the short-and long-term dietary intakes as assessed from plasma and adipose tissue biomarkers, respectively, are also documented by level of urbanisation.
Subjects and methods

Area of study and subjects
The subjects in this study were randomly selected from the greater metropolitan area of San José and the 18 neighbouring counties using census data from the National Census and Statistics Bureau of Costa Rica (Fig. 1 ). Subjects were visited at their homes and only those individuals without a history of myocardial infarction, stroke and physical or mental disability were recruited for this study. Ninety per cent of the subjects selected accepted to participate in this study and provided data and biological samples. Subjects were of Mestizo ethnic group (a mixture of Caucasian, Indian, Black and culturally Hispanic Americans) and were selected from a total population of 1 092 000 9 . This population lives in an area of approximately 2225 km 
Data collection
Information on sociodemographic characteristics, smoking, socio-economic status and medical history, including personal history of diabetes and hypertension, was collected using a close-ended questionnaire. Self-reported data on diabetes and hypertension were validated using definitions recommended by the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus 10 and the Third Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure (JNCIII) 11 . Trained fieldworkers asked the subjects to remove their shoes and wear light clothing prior to taking anthropometric measurements.
Dietary assessment
A 135-item semi-quantitative food-frequency questionnaire (FFQ), developed by Willett et al.
12
, was modified specifically to suit dietary assessment among Costa Rican inhabitants 13 . This instrument inquires about intakes of 135 food items which include 20 vitamins, mineral and food supplements, types of fat used for cooking and frying, consumption of fried foods in and away from home, and food habits related to meat preparation during the past year. Trained interviewers administered the FFQ to all subjects. The performance of the FFQ in Costa Rica has been further validated and found satisfactory 14 . The United States Department of Agriculture food composition tables were used at the Channing Laboratory to estimate total energy and nutrient intakes for each subject as described previously 12, 13 . The subjects were asked to select only one type of fat or oil that is most frequently used for home cooking or frying.
Biochemical analyses
All biological specimens and anthropometric measurements were taken at the subjects' homes in the morning following an overnight fast. A subcutaneous adipose tissue biopsy was collected from the upper buttock with a 16-gauge needle and disposable syringe following the procedures previously described 15 . Blood samples were collected in tubes containing 0.1% ethylenediamine-N,N,N 0 ,N 0 -tetraacetic acid. Both samples were stored in a cooler with ice packs at 48C and transported to the fieldwork station within four hours. Blood was then centrifuged at 2500 rev min 21 for 20 min at 48C to obtain plasma. Plasma and adipose tissue biopsies were stored at 2 808C and, within six months of collection, were transported over dry ice to the Harvard School of Public Health for analysis. The average yield of adipose tissue was 38^33 mg (mean^standard deviation). The concentrations of carotenoids and a-and g-tocopherol were measured using a dual-wavelength Hitachi high-performance liquid chromatography (HPLC) system and data station 16 . The L-4200 detector was set at a wavelength of 300 nm for tocopherols and at 445 nm for carotenoids. Injections were performed by the programmable AS-4000 Auto-Sampler. A single large sample of adipose tissue was used for between-run analytical variations. One adipose tissue aliquot from the core of the sample, with weight similar to that of most of the unknown samples (20 -60 mg), was included in every run over the period of the study. Every run also included one pooled plasma sample. The coefficients of variation (CVs) for adipose tissue a-and g-tocopherol were 20.4% and 17.8%, and for plasma a-and g-tocopherol 9.4% and 10.1%, respectively. The between-run CVs for a-carotene, b-carotene, b-cryptoxanthin, lycopene and lutein were 7.2%, 7.5%, 12.6%, 8.1% and 8.6% in plasma and 18.6%, 21.8%, 26.4% 16.7% and 19.6% in adipose tissue samples, respectively.
The concentrations of fatty acids in adipose tissue were determined using gas -liquid chromatography as described by Lillington et al. 17 . Briefly, approximately 2 mg of adipose tissue biopsy were collected and kept in hexane-isopropanol (3:2) mixture. A 200 ml quantity of this mixture was taken and methanol and acetyl chloride added to form methyl esters. After esterification, the adipose tissue was evaporated, and the fatty acid methyl esters re-dissolved in iso-octane and then quantified by gas -liquid chromatography. Conditions employed were as follows: fused silica capillary cis/trans column SP2560, 100 m £ 250 mm i:d: £ 20 mm film (Supelco, Belefonte, PA); split-less injection port at 2408C; hydrogen carrier gas at 1.3 ml/min, constant flow; Hewlett-Packard (now Agilent) model GC 6890 FID gas chromatograph with 7673 Autosampler injector (Palo Alto, CA); Plasma triacylglycerol, cholesterol and high-density lipoprotein cholesterol concentrations were measured using enzymatic reagents (Boehringer-Mannheim, Indianapolis, IN) and a Roche Cobas Mira Plus Autoanalyzer. The Centers for Disease Control and the National Heart, Lung and Blood Institute guidelines on cholesterol measurements were used to standardise cholesterol determinations in our laboratory 18, 19 .
Statistical analyses
All data were managed and analysed using the Statistical Analysis Systems software (SAS Institute, Inc., Cary, NC). Variables were checked for outliers and normality, and, where necessary, transformed using the natural logarithm or square-root transformation. Nutrient intakes were adjusted for total energy intake by regressing the transformed variable on total energy intake as described by Willett 20 . Similarly, log-transformed plasma tocopherol concentrations were regressed on plasma triacylglycerol. Adjusting for total plasma cholesterol instead of triacylglycerol gave similar results. The same procedure was used to adjust plasma carotenoids for total cholesterol. All further analysis was done on total energy-or plasma triacylglycerol-or cholesterol-adjusted variables.
Analysis of variance was performed using the GLM procedure in SAS to determine whether dietary intake and plasma and adipose concentrations of major nutrients vary across levels of urbanisation. The significance of the differences between rural, suburban and urban subpopulation means was assessed using the Tukey multiple comparison test.
For categorical variables, the significance of the differences in proportions of subjects in the rural, suburban and urban areas was tested using the chi-square test.
Results
The major sources of energy in this study population are shown in Fig. 2 . Descriptive characteristics of rural, suburban and urban sub-populations in Costa Rica are presented in Table 1 . The proportions of males and heavy smokers (.10 cigarettes day 21 ) in rural Costa Rica tended to be higher than in suburban and urban areas, but the differences in the sub-populations were not significant ðP . 0:05Þ: Subjects in the rural areas were significantly ðP , 0:05Þ more active physically, earned less income and had a higher intake of dietary fibre than urban dwellers (Tables 1 and 2) . Urban dwellers reported a significantly ðP , 0:05Þ higher consumption of total fat, monounsaturated fat, n-3 and n-6 polyunsaturated fatty acids (PUFA) and trans-fat than those in rural areas. It is notable that use of palm oil for cooking or frying is reported more in rural than in urban or suburban areas, while use of soyabean oil is more common ðP , 0:05Þ among suburban and urban populations ( Table 2 ). There were no significant ðP . 0:05Þ differences in age, body mass index (BMI), plasma triacylglycerol and plasma total and low-density lipoprotein (LDL) cholesterol concentrations (Table 1) . Also, there were no significant ðP . 0:05Þ differences in dietary intakes of total energy, protein, saturated fat, carbohydrates, iron, calcium, alcohol, folic acid and vitamins B 6 , B 12 , C and K (Table 2) .
Differences in carotenoid, tocopherol and fatty acid intakes across levels of urbanisation and by dietary assessment method are presented in Tables 3 and 4 . The intakes of a-tocopherol, lycopene and oleic, linoleic and all-trans 18:1 fatty acids were significantly ðP , 0:05Þ higher among urban dwellers than in rural populations. Although mean dietary intakes of most carotenoids, tocopherols and fatty acids tended to be higher among urban inhabitants, the differences between the subpopulations were not statistically significant ðP . 0:05Þ:
Plasma mean concentrations of a-tocopherol, gtocopherol, b-cryptoxanthin and lycopene were significantly higher ðP , 0:05Þ among urban than rural populations (Table 3) . For a-tocopherol and lycopene, the mean differences between suburban and urban populations were also significant ðP , 0:05Þ: There were no significant ðP . 0:05Þ differences observed between plasma a-carotene, b-carotene and zeaxanthin/lutein concentrations among the three sub-populations.
Mean adipose tissue concentrations of g-tocopherol, lycopene, linoleic, all-trans 18:1 and all-trans 18:2 fatty acids were significantly higher ðP , 0:05Þ in urban than in rural populations (Tables 3 and 4) . Adipose tissue palmitic acid and docosahexaenoic acid concentrations were significantly lower ðP , 0:05Þ in urban than in rural populations. The mean differences observed for other adipose tissue carotenoids, tocopherols and fatty acids were not significant ðP . 0:05Þ (Tables 3 and 4) .
Discussion
Dietary intakes of micro-and macronutrients across levels of urbanisation in Costa Rica were assessed in this study. In addition, information on some known CVD risk factors was collected and the rural, suburban and urban subpopulations described with regard to these factors. This study is of importance in that it does augment previous studies on dietary intakes and CVD risk factors across levels of urbanisation in Costa Rica 18, 21, 22 . It is interesting to note that for the three sub-populations studied, BMI and plasma total and LDL cholesterol are not significantly different ðP . 0:05Þ despite the differences in total dietary fat, trans-fat and cholesterol intakes. High cholesterol intake in the rural population could have been negated by the high physical activity and high intake of dietary fibre reported in this sub-population. High dietary fibre intake is known to lower plasma total and LDL cholesterol 23 -26 . The high physical activity observed in the rural population remained significant ðP , 0:05Þ even after controlling for education and level of income (analysis not shown). Leon 27 has described the beneficial effects of high physical activity and different dietary components in the prevention of coronary atherogenesis. In the urban sub-population, the high total fat intake observed appears to be mainly polyunsaturated fat from soyabean oil. High soyabean oil use in the urban subpopulation could imply low consumption of other sources of saturated fat and/or cholesterol, resulting in reduced total intake and therefore low plasma cholesterol concentrations. This could be one of the reasons why there were no differences in LDL and total plasma cholesterol concentrations among the three sub-populations. The relatively high proportion of soyabean oil users observed among urban residents could also explain the higher a-and g-tocopherol concentrations reported in the urban than in the rural population. Data from our analysis of palm and soyabean oils from Costa Rica show that palm oil is not only lower in total unsaturated fatty acids, especially the polyunsaturated ones, but also in total tocopherol content. The proportions of saturated, monounsaturated, polyunsaturated and trans-fatty acids in palm oil were 49.7%, 39.0%, 9.6% and 1.7%, respectively, while soyabean oil had 15.4%, 26.0%, 32.7% and 26.0%, respectively. The amounts of a-and g-tocopherol in 100 g of palm oil were 2132 mg and 213 mg, respectively, while they were 1385 mg and 5539 mg, respectively, in 100 g of soyabean oil (H. Campos, unpublished results, 2000) . In the urban subpopulation, soyabean oil is preferred to palm oil, probably as an indicator of socio-economic status, and this could also explain the high ðP , 0:05Þ dietary intake of n-3 and n-6 PUFA reported by urban relative to rural residents. Unsaturated fats, e.g. long-chain n-3 fatty acids, have been shown to lower the risk of CVD such as stroke 28, 29 .
Consumption of palm oil is very common in Costa Rica 22 and could possibly account for most of the fat intake observed in rural areas. Unfortunately, palm oil is high in saturated fat, poor in total unsaturated fatty acids and total tocopherol, but is the principal source of vitamin E 22 probably because of its high usage especially in rural areas. Compared with palm oil, soyabean oil is rich in trans-fatty acids. This could account for the significantly high amounts of dietary and adipose tissue trans-fatty acids detected in the urban compared with the rural population. Unlike total fat intake, which was highest in the urban group, the highest intake of dietary fibre was observed in the rural population. The mean daily intake of dietary fibre observed in this study ( ) by Aráuz et al.
21
. According to Rodríguez-Herrera et al.
22
, most of the dietary fibre in the Costa Rican diet comes from beans. Also, beans have a high folic acid content and contributed 20% of the total folic acid and 24% of the total fibre intake in our study (data not shown). Our data show that intake of beans was significantly higher ðP , 0:05Þ in the rural sub-population (2 -3 times day 21 ) than in the suburban and urban sub-populations (1 time day 21 ). Individuals who ate beans 2-3 times day 21 had a mean folic acid intake of 384 mg day
21
, compared with 316 mg day 21 for those who ate beans , 1 time day 21 . Interestingly, high intake of beans was significantly ðP , 0:05Þ associated with low income, suggesting that this excellent source of folic acid and fibre is affordable by the majority of the population. We did not see a difference in the intake of saturated fatty acids in the three sub-populations, but observed high physical activity and high cholesterol and fibre intakes in the rural population. Also, we did not observe significant differences in plasma LDL cholesterol in the three sub-populations despite high total fat intake and sedentary activity in urban areas. These findings could indicate that, although there are major differences in dietary intakes and level of physical activity, the three subpopulations might not be different with regard to their risk of atherogenesis. This observation is of interest because various studies, especially in the metropolitan area of San José, have described Costa Rican diets as atherogenic 21, 22 .
The proportion of Costa Rican residents who tended to use multivitamins was greater in urban areas (8.8%) than in suburban (5.7%) and rural (2.6%) areas. We did not observe significant ðP . 0:05Þ differences in mean intakes of folic acid, calcium, iron and vitamins B 6 , B 12 , C and K across the three sub-populations. The intakes observed in this study need to be examined further against recommended daily nutrient allowances, so as to improve the current national nutritional educational programmes in Costa Rica.
Conclusions
These data show differences in CVD risk factors of rural and urban populations in Costa Rica. In rural areas, low socio-economic status, low intake of unsaturated fats and high intake of cholesterol appear to be the prevalent known CVD risk factors, while in urban areas they were low physical activity, high trans-fatty acids in the diet and adipose tissue, and low dietary fibre intake.
